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Table 1-1: Difference between the phases and components of the system.

System Components (C) Phases (P)
Water H.O Liquid
Water + Ice H.O Liquid + Solid
Brine NaCl + H,0 Liquid solution
Ni-Cu Cu + Ni Solid

1-3 The phase rule
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Figure 1-1: The typical regions of a one-component phase diagram. The lines represent conditions under
which the two adjoining phases are in equilibrium. A point represents the unique set of conditions under
phases coexist in equilibrium Four phases cannot mutually coexist in equilibrium when only component is

present.
WESP 03&0.' Doyl Glamyag el sue o A8l s JWl (1-2) Jdoa=dl 9

3/Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed) 2023, Levine (8™ ed.) 2020 & Zumdahl_(11% ed.) 2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansitiyah 2" SEM-2026 Bologna_Process
College of Science Thermodaynics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansiriyah.edu.iq

Chapter One_Phase Equilibria PhysChem For 2" Year UGS 2 SE.

Table 1-2: Relation between the number of phases and degrees of freedom for one component.

No. of component (C) | No. of phase (P) | Degrees of freedom (F)
1 1 2
1 2 1
1 3 0
1 4 Forbidden
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1-3-2 Limitations of phase rule
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1-2: Phase diagram of water systemzone.component with three phases.
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Figure 1-3: The phase diagram of CO;, one component with three phases.
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Figure 1-4: lllustrate the name of the process of each equilibrium between two phases.
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1-4-1-3 Homework

Homework 1: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

OA oB ocC

Homework 2: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

AOB BOC AOC

Homework 3: What is the name of the reversible and irreversible process for the

system of water of each of the following curves.

Curve Irreversible process Reversible process

OA

oB

ocC

Homework 4: It can be disrupted the metastable curve by changing one of the

following:

(a) Tand p (b) p and conc. (c) T or p (d) T and Conc.

The End Of 15t Lecture
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1-4-2 Two component system
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Figure 1-5: Scheme of different phase equilibria for two component system.
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1-4-2-1 Solid-Liquied phase diagram (Condensed system)
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Jlodl e (B Cdio (il (B cdue i ae 013

(Slozml) Hlgaail Ay JinS Blel (T = 5 °C) o)lguail of I ol (dlezeil) Hlgaadl dampd Jiod :A
(T =80 °C) (&I Wt

L (opidl) cliall daciiadl Jdlad) Jioy Cus Uil D929y (il Hlgaadl Gy By AE (gl
o e opidl 39290 (BRI slazsil (aoviey Byay BE (soudl Ailas 8y9000 .E 9 A o Lo Bylyadl ilays
o OB (gl 1da slael e LE 9 B g Lo Byl Ol die ltiaill iy dasinal! Jxall oy
Neph 3 Ben Jgloxall 2o 0f351 A>3 0950 Neph

Zumso (uSallg il slazsl Aoy (o lassl ) 65 U3 OB epsidl J] onliad) cpe 851 laS d8Lo | iad
Pl ) pad! Aol e clliand! lgsas! Ao Ji5 ST ¢oplliaid) ae

«(Eutectic point) L,¢2Y! dhail lgde 3l 19 E daddl die BE 9 AE Ol aboli,
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-6) JSadl I kil Ll jshall ae 0)lg3 Al (3 0LeSe (Aaddl ed die Cuall yglall) (ialadl I Cus
((Invariant) Wisels (§ 8aie x& 0555 G516 « Al oda Wi O133) Al § lsbol B <l &) Loy (1
: QWS 0S5 doydl il sie B Hshall 8ueld dolan Baudaiy dile

F = 2- 3+ 1= 0, Reduced phase rule

OR
F = 3— 3= 0, Reduced phase rule
1) Lol L0l331 Al § AN 5131 0955 el cpials Jglomall (S35 9 B3lyell Ay (S OF oy U A

Byly>edl Ay O (1-6) S pyo praaty 9 . A3V )l gboYl 0 dT  fisnd cppaiell (add AT (3 s Jua>

Benzene Napht‘?alene
Liquid phase (melt), P =1 B. 80
N ’
o Ben + Neph
g_ A S5
q% Solid Neph +
8) [Liquid Neph & liquid Ben (solution)]
C:D Solid Ben +
5 [Liquid Ben & Liquid Neph
© (solution)]
& |Two phases, P= 2 Two phases, P = 2 i
B0 L D :E (Eutectic point)
= [Solid Benl+ Solid Neph]
= Solid Ben + 1 Solid Neph +
§ eutectic C : . eutectic C
Solid phase, =2 ;, Solid phase,P=2
0 1 T ] T ] 1 1 ] 1 0
1, Xgen [ =w———>  Composition (Wt %), Or }g G 1, Xneph
Hypoeutectic point Hypereutectic point

Figure 1-6: Temperature-composition Phase diagram of benzene-naphthalene system (Solid-Liquid).
o G 550! CuSHUI ol zsiall (e Jasaml) lgle Josasell @i 8)yly> A2y (307 W E dlnasl) dlaa)l
a5 J81 3L (3,%5 4l <(Eutectic temperature) &, 8yl dys lgade (3llay 9 D Byl L)
(e o) (dlaidly el slazsil dlaki (o3 F 9 D cpidadid) . Sl zose (ST lgud dzlgn O oS Y gl
dazziy A8 allaidl B8 E dyguod) daiidl o bl Lo Tigb gy bagd JSLadl jglall ez OF G ¢ 1ol
Eutectic composition) see9 cuSAL (s o yguodl daail) hlasl cuSHl bl L (cduall ghall) lolas
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(1-6) Sl b g0 LSy . cxes 950l el gall ) 9 ddgall 5auSUl Jio3 (29 C 300l A 50109 (
Lgrall Al dipar Ll (S e ] (Savs ccdiaidly cpidl oS5 Jar $ls X gmeal) dawddly
OS2 (1-6) Sl ¢pe e copandl 1 bl (p0 SN (3 sl ol U] Lo (x) A gdl ) 9uSIL 5 (WE%)
A & 0950 Loie el Juow (had (il oS35 (§ 8oLl hlaelbg cpidl (S35 (§ OLall)] dalia
il dd 3 a8Ul @3 1989 (Xneph = 0.2) 91 20 % O5Sius (il dssd O (Xgen = 0.8) 31.80.%
098w (@19 i) dead 3l (Xgen = 0) 91 0 % cpdl dsd I Jguo )l (oed cpd il dsd § B339
ol 1 eredl oo dnsliadl ke Toled (uSall Juasog o(xnaph = 1) o1 100 %
G epidl Bl I 28LaYL oidl o Lgad drlgy (o) ddlaiell i3 (219 AED. dLucall 1 839a0L9
sde OB Ayiseall yghall Bucls Gadas e JUL «2 I Gl Lgad 5lsbYI sue 9555 Co clliadl Sl
[(Homework 5) F = 1 & &= 3] ((Univariant) d=ly I Lglue 0955 &yl ol
SN el il ) 8LoYL Wliadl clue dlgn G BEF d>buedl ) &b HlgbYl sue juiss
Lyol Ol sde JWL 9 2 548 L5400V Al Jawl ddlaiall (§ oY sua) il Wl pid) Bilw 3

openad ) dabaiall o0 puudy .(Univariant) 1 J) Golus 050

Ll cBen + Naph oo $yged! goiedl J1 BLEYL piadl Cluo ope G856 & yguod dlaiidl Hluw I dalaioll
Wi «Ben + Naph oe G9! goiedl QL BLsYL el Cluo o CS5ud yguedl Al e e
((iall yolall) E & ygu08! dadill Jaul dbbarall (§ loSll 0dd (el (3 lgaldsuind o5 ()l dds,lall
Lol ey 09Se S ddiall Bolall wlghd Sygmall (amall JHS (40 948

1055l 45U dalaiYl o dda) ! 931 (55400 giiall zudn (1-3) Jgunl

Table 1-3: Examples of simple eutectic systems

% Component (A) | % Component (B) | Eutectic composition Melting point °C
Tin (67.0) Lead (33.0) Solder 183.0
NacCl (23.0) H.O (77.0) Ice-Salt -21.1
Ag (2.6) Pb (97.4) Ag-Pb 303.0

The End Of 2nd Lecture
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1-4-2-1-B Congruent melting point

Syl Of = U 3:Uadl . (Congruent melting point) d&aie ylgsas! Ay Sye OLigSe b O 9Sl!
i Pl Sl cdoall (o ygumin bodic ALl Dol (§ (S dndd Aol Dol (§ G i Sl
SIAB ol il CS5all 06550 B g A 0okl lgd (301 dalall Do) dsl) L (A6) dipmadylys Ay
(1-7) S5l § o LS 5 dillate 5l iy el

AB-B J5Ludl ;e E daaidl g A-AB 5Ll (o &9Sie € Lot Ol pguol Olidaits el (1-7) JKad!

AB Syl daslaiadl Hlgas)l dayds e (£059 AB Sl Hlguail ddads Jins (| plaa)l Lilgdl) D daasdll
dasill oda die AB J ially 5Ll jglall & 9o dowdll 0da Q& —lly (Congruent melting point)
3l ol zresmy (S L) pladdl G5 D 8yl dzys e 5] Ao Sy WSy eI oS o

055 daadl sda OB Wiy 5 AB CSyedl uds e Obgisn Jiludly ediall yglall pe 36 &Y lldg ceuSHI

Liquid phase (melt), P =1

A D A
B
A I
I
Two phases, P= 2
Solid AB + : Solid AB +
O i 1 luti
% Solid A + (solution) (solution) : (solution)
*2 Two phases, P.= 2 : B
@ C (Eutectic point),
g— I Solid B +
2 : (solution)
Solid A Feutectic C :
I E eutectic
. [
Solid phase,!P = 2 Solid B + eutectic E
4 1 1 A 4 1 0
—tt+—t—+—+—+—+— o%
100% A Composition 100% B

Figure 1-7: Phase diagram for a system in which A reacts with B to produce AB with congruent meting point.
13YE 055 Ayl il e Bl Asiseall jglall Bueld Canumg lgboY sli] dlads Jiad (pg Bpiie pé
F = 3 - 3=0, Reduced phase rule
ooyl (309 (B 9 A &l SUSyall Hlgaasl laydS lolad Bausme B)ly> daryd Jied D dbaid) H& eld e Telo
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T e o

0509 B 9 A usSall Jlguail ©ilzy (9B S AB (Syall slguail dlats & Wasle oSy (1-7) 3l

Sl Azyd Jlaol 9l ¢ S (531 Aiel (3 Andidl 04 Of s LSyl apez a0 G Y Aledl oy
¢y SN 0 Lo 2y S5 Y sguaiall S Wis 00gS V> 39 ¢(ay2edl) Gl cpuSied!
{(1-8) Jouadl 3 o 90 WSy cpdall LSyl Lils 52 Yol sy I Clal! o’

Table 1-4: Shows the melting point of pure component (A & B), and the congruent meting'point of their
compound (AB)

Component | Melting | Component M. P. Component M. P.
A point °C B °C AB °C
Aluminium 657 Magnesium 650 AlsMga 463
Calcium 777 Potasium 790 CaCl.KCl 425
Gold 1064 Tin 232 Au-Sn 425
Zinc 420 Magnesium 650 Mg-Zn 590

e Jgmasdl (S OYLI od Jied sl g b dlg S o0 AST Lgud 9950 489,20 V> el
Aol odn Jiog =gl CSpall o5 Aol Tgplie 090 Sie SN Jlad) usylly CSpe S (planll &ylgl
~ehidpasdl oS allas 4o goid e e dasladl Axedl (e 5 .Bupie Ol 0953 (21 sledl 9 DY @yl
LS 29 lgiamDle el sl Hlguail Ol (Wliseie) Al ©lgSe day)l il cplaidl 13n 23 .ol

.Fe2Cls.4H20 9 Fe,Cls.5H20 <FezCle.7H,0 <FezCle.12H,0 : b

1-4-2-1.C Ilncongruent melting point

bVl sds Jio & -(Incongruent melting poin) dilaie aé Hlgaail days CSyell GBeSH VLSl
OLSyall 0da &S (psadll lgaidl d2ps g A6 e Spell Jayy oS &5Sall ©bSedl 0S5
oy cduall e Jedomally dodar o Hgb Lgie g Hlgsaddl dzd Codd Bl dzyd Lie Aol 8y gua

Al lsbYl (S1 e il (S5
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e Gz (@l 8yl Ao Olg cdillaie pe )lgsail days eliad b OUSll (e Sl 1ia e 3llasg
9Benzene-Picric aplas 52 (dalal o $oill I e dkaYI (o9 . JEBYI 8y, domydy B ya3 Sl

.NaCl.2H,0 9 Na2504.10H20 9 CaF2-CaCl,

1-4-2-2 Solid-solid phase diagram

Clall-cduall plas (§ i Balaiy OF oSy Jilu-duall plias (§ gl Jalasea) Juadd (el sl b O
Aaall- (ololl sl duwlys g9 alladl 13 e Jle d3T (S 48T S Clsall-Cliall pllas e (3y21llg
dazdl Jiad Eux cbiall-Cliall pladd Jlie g9 dndll-jololl pllad jglall lalase mio g (1-8) JSidl
Aadll (slezs) Hlgwsl dzys Jiaid B Lol cpolioyll g (Bl OgSll (Slazsil) lgaail 4y A
Qb)) &S 83 o AE (goxiedl g e (il poloy)l slezdl dzys Ol polio))l J) 4adll d3Lp) dis
85 850001 )yl Ay S8 baie Sy (Q Al Wi Hlguail Layd J3T I Jgaogll d 1 d8Laal)
OB 4zl JI poloyl d8Ls] die cliSy (2.6 % Ag & 97.4% Pb) (o 055ke Syasel giess 303 °C
S5l Hghall go 0393 Al> (3 0L BE 9 AE Olieall .BE (aowiall Ugb (e izl Laall )lgsmil d2)s
A1 Byl s die il Sl lgaail oo ity Sllg AEB dLuwall Jiado !

?xb A
Liquid phase (melt), P =?
Pb +

O 3275 +

o A [ & liquid Pb (solution)]

2

© Solid Pb +

Q [Liquid Pb &

£ (solution)]

3] - =?

F 0303 No. phases, P=? + No. phases, P = ¥

Q 1 E (Solid ? +
1
: + eutectic C
Solid Pb + eutectic Cj
: No. phase, P = ?
: 0
100 % Pb (974 %+ (Wt %) —
Figure 1-8: Phase diagram of Pb-Ag system.
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OY 3y (Ogudil dBykay s diylall (£ Cum polioyll oo dadll &5 (§ oMl jglall Jalaseo pusiwg
Aadl e 0.1 % & e L g ooyl

1-4-2-3 Liquid-liquid phase diagram

NSy Pilu-cduall pllal Hghall Jalases Guiaid Tuz diline 52 J5ladl-iludl plailly ol jshall alases
o diall pliad
¢ skl Jalases I = Uaidd8) U JIguud!
AW Ol Gldg jahall alases iz
Badzall Bylymedl Aoy (peud yglall dxlgl e Slaghao ludasy -1
v S Glhasdl cuSAI -2
09k e AT e (§gio 8 @il e eyl S 33201 039l 9o Lo -3

1-5 The location of phase boundaries (Clapeyron equation)

1-5-A The slopes of phase boundaries

dgd! OB o(3a3) cpsSl ol pllatd Ol gar cpivas Laisg By damdy Oilgs Al & oysb S99 s
Byl Ay bl piS Jguam diey 53 jelall JleSdl agad! I bylune gpyghall Y JleSd!
shall MU GlaesSIl gzl Gl A &g «03lgdll Al J] Olaga Bgus pyshall o I O cdasalls
By cushall o 0jlsl S Jlie bgluie (i o) 9 i g

dua =dup (1-7)
(1-9) JSadb b g0 WSy ¢(duadll) Buslgll Balall pyghall Jie B g a1 Of e
W0 Dglutte 0550 L cpyghall 6D (Gm) doyY gl 8yl A3Uall S18 eSglunio cpyghall JLarSIl ] O Lag
OB Olgs Ul § Bulg Bola) Olysbo Lyl 090 Leis

G.a = G, (1-8)
518 8y>x)l d8Uall Cyal (30
dG¢, = V,dp -S,dT (1-9)
18|/ Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12h ed) 2023, Levine_(8" ed.) 2020 & Zumdahl_(11%" ed.) 2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansitiyah 2" SEM-2026 Bologna_Process

College of Science Thermodaynics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chapter One_Phase Equilibria PhysChem For 2" Year UGS 2 SE.

gl Jasall g 8ylyadl Ay padl NS oo 8yod) ABUaJL sl Jied oMel dolasll

dGﬁ = deB —SBdT (1_10)
& 8,51 d8Uall Lgluws jglall (3luasSUl gl 0S5 0319l dis duls
H=G (1-11)
56 cylal i S,
dé¢ = 0 (1-12)
dea —SadT = Vﬁdp —SﬁdT (1_13)
P JSL el Aslaedl 08,3 Balebg cdaiuall Jioy p 9 el Jiow Vig QoA Jien S 5ol
AS,,dT = AV,, dp (1-15)
109w dolas e Jguasdl oy (1-15) dolaadl iy 3oleby
d_p — Atrssm
dT ~ MgV (1-16)
Phase o
0; A
3
d
I Phase
dT o

Temperature, T
Figure 1-9:Effects of pressure and temperature on the equilibrium between two phases.
Bylys Ay die Dogluae (1955 4xd5 Boled Oldgas silgie croyglal 8yadl &8Nl & e Uolasdl oda ais
LlaisYl deadl go (i By cyghall (pdo d=T 516 claisall o )yl A ppss diad . cpddome Jaiidg
0l
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Example: For water at 0 °C, the standard volume of transition of ice to liquid is - 1.6

cm?® mol™, and the corresponding standard entropy of transition is +22 J K™

mol. Calculate the slope of the solid-liquid phase boundary at that

temperature?
Solution: AusV = — 1.6 cm® mol™? and AusS =+ 22 J K mol?

d—p: Atrssm
dT ~ AysVim

(1-16)

QW e ez (mamse oSty plie JI Jawdl auis ‘gi) dolaadl CJ8 wis g

dT -1.6x 107 m3mel=
dp = 22] K lmel=

dT
—=-73x108——=-7.3x108K Pa™!
dp Jm3
1 bar (atm) = 10°Pa
dT
— = -7.3x10"% K 102 bar1
dp
dT
dp = -7.3x103Kbar! = -0.73x1072 K bar™!

dT _ 0.73 K
dp~ 100 bar

eladl dlazil dmyd olasdl Jf 895 100 bar ludes Jasgall § 8oLl Of ¢ud oMlel daxlidl 1dlasdlo

10.73 K )i,
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Uni. Of Mustansiriyah

1-5-B The solid-liquid boundary

plaill dlgde (3 s Jl o5 53s I JS& oo A8 ] OB cehaalipnga il QW1 093l s
AJW dolasdl oy (L“ib'u}”)

AH
AS = — ,Second law of thermodynamic (1-17)

 JW1 JSa0L 09 006 Dolas zeasaly (1-16) Dslaolly (1-17) Dolaall 0 AS e Sassailly

dp _ AyrsH
dT  TirsDesV
U1 USadl 0585 09 M dolas S18 Slgailddas Lyl 095 Ledic

dp  ApusH
dT ~ TpAsusV
Jo ! () ghall Go) O)lgill d> i (Fusion) ylg! ddes Jgsa> U= S (1-19) dolaall pusind
S9ludy Hlgail ddes Coud Y gall @zl il gV Jied  Jiladly il cadilgiall ryglall o
Jiedg (sl e Clially il ) glall (SN gall @axdl Jia3 <Vin(s) 9 Vin(l) G < ApusV = Vin(l) = Vin(s)
: sxxll il GlSy dzge (Y gall (JEYL il daid 055 LBV R PSR E IRy 7
Laiall 83Ul O] Cus darge dingd 05559 amw SSiw adiy dp/dT goviall Ll
((1-10) Jsadl 3 LS sladl sbdusls ol gall arezr o Juazes b 1y lgsaidl dzy 83031 ] 55

, for transition process (1-18)

, for fusion process (1-19)

Solid

Pressure, p

Liquid

Temperature, T

Figure 1-10: A typical solid-liquid boundary slopes steeply upwards.
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1-5-C The liquid-vapour boundary

dp  AygpH
dT  Tpl,eV

(Lokall (goue) 0)lsil d> wie (Vaporization) 5l ddes Jgua> Al (3 pasuindd (1-20) Dalaod! bl
)l ddas G (§Y gl @l pidl Jied AygpV/ el .53l J3ludl ruilgiadl ) slall g o o)l
SWly Bl yglall Y gall @anell Jia ¢ Vin(g) 9 Vim(l) Gem «AvapV = Vin(g) = Vim(l) = Vin(g) S5\

(pFdl B)ly=) Ol dzyS Ty Jiadg gl e

, for vaporization process (1-20)

AS9 g0 0550 ple i Y gall ezl il UiSy duzrgo (§)Y gall (JEVL i)l dad 555 Ui Lo

dad O] g csludl-cdiall o O)lgl pllas gomie (po JBT 309 durgo ditad 09Sid dp/dT (aoxiall Lo
(1-11) SSadl 8 oge WSy slezsdl Az (e dasuall &lovil AT 03985 OLdadl dys O 8,08 dp/dT

Q _—
s Liquid
=]
2
& Vapour
Temperature, T
Figure 1-11: A typical liquid-vapour boundary.
1-5-D The solid-vapour boundary
dp _ AsuH for sublimation process
dT ~ T,A.,V '’ (1-21)

(Lt g=ie) O)lgl u> Lie (Sublimation) (sludl ddes Jgua> Al (§ puscind (1-21) doleall
L‘.;L‘JJ\ ddas o L“S‘)y}QJ‘ P&odb 33l AsupV Jindg .L"S‘}Ut.l“g lall Uf.‘:‘-’)‘jl“d‘ Oﬁ:’)}bﬁ 0wl
ally L“SJ'U’JU}IQU &53]}"-“ P’ﬁ-"]‘ Jiel ¢ Vin(5) 9Vim(g) Su> AsubV = Vim(g) = Vim(s) = Vim(g) S9ludy
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Ol 2 3Ladl-iludl yghall 03155 (goxing (ool 192 ¢ 3yadl O] - 2Ll B))y> Ay T Jialg e Jlgtll e
AU Aslaadl g Bylymell days uds dis g s3] (JU5] (o ST 0950 (2Ll (IUBYI
AsupH = AfusI-I + AvapI-I (1-22)

¢yl S0 u.ojST P L";LuJJ\ S0 Lg 823! z)p Sylyadl dmyd juis dieg (1-21) dUolaall (4o T
((1-12) Sl § ruoge WSy (Triple point) A5 dadidl wie ¢ppoued] cpda’ 2t o
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Figure 1-12: A typical solid-vapour boundary.
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Example 1: What is the expected boiling point of water at 98.7 kPa (approximately 740
torr, a typical barometric pressure at 275 m altitude)? The heat of
vaporization is 2258 J g, the molar volume of liquid water is 18.87 cm?

mol?, and the molar volume of steam is 30.199 dm3.mole?, all values

referring to 373.15 K and 101.325 kPa (1 atm).

Solution: AvapH =2258J g, Vim(l) = 18.87 cm® mol?, Vin(g) = 30.199 dm? mol?, T=373.15
K and p = 101.325 kPa (1 atm).
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dp _ Ao H
dT ~ Ty[Vyn(9) V(D] (1-20)
dp 2258 (] =) x 18(g mel=)

dT ~ 373.15 K [30.199 (dm3mel=t) —0.019 (dm3mel=1)]

d

d—?: 3.611J K 1dm™3 = 3.611x103 Jm 3K~
dp 31
o7 = 3:611x10°K *Pa

dT
— =2.77x10"*K Pa1
dp

For a decrease of 101.325 kPa—98.7 kPa = 2.625 kPa, there is a decrease in temperature
of 2.77 x 10 K Pa x 2625 Pa =0.73 K.
Therefore, the new boiling pointis 373.15 K- 0.73 K =372.42 K.

Example 2: What is the rate of change per pascal in the boiling point of water at a 100
°C in atmospheric pressure? The enthalpy of vaporization is 40.69 k) mol?,
the molar volume of liquid water is 0.019 x 10* m3 mol?, and the molar
volume of steam is 30.199 x 103 m3 mole™. All values are given at 100 °C,

and 1.01325 bar.

Solution: AvapH = 40.69 k) mol™, Vim(l) = 0.019 x 10 m* mol?, Vi(g) = 30.199 x 103 m?
mol?, T=373.15K.
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dp ApapH

dT ~ Ty[Va () - V(D]

dp 40.69 x 103 (J moel=D)
dT  373.15K[30.199 x 10-3 (m3mel=1) —0.019 x 103 (m3mel=1)]

dp 1
- 3613 K ' Pa

dT 1
dp 3613 K 1Pa

=2.76 x 107*K Pa™1

1-6 Clausius-Clapeyron equation

A1 (1-20) Aslaall Jiall Joo o3 09 w098 Dslae I £92,0b

dp _ ApapH
dT  TplyepV

, for vaporization process (1-20)

DpapV = Vin(9)-V(D,because of V,,(g) > Vi (D) = Vir(9)
_RT
" p
Uslae 3 lgglun by Vin(g) desd (e pgang ol e (pniSo yivel 980 L Jiludl x> Jog
AW Aslaad) e Juams g0

@ B ApapH
dT ~ TyV,ap (1-23)
5 JWL Jledl HU) Hgkes el U 5Ll O Byl 13)
d_p B ApapH
ar (ﬂ) (1-24)
p
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dp A,qpHp
= ,Clausius — Clapeyron equation .
dT ~ T,RT peyroneq (1-25)

-cduall gyglall (o 03l IS Jdl-Jiluad! e yalall ey (ilg5 Ladd 09S0 Lodie odeT Aslanll pdsuind
Ay Ol S NSy cBylyoell dmyd piy iy (G)led! Jakall ] S 3B yma) IS pusetendly ¢Sl
Bylyoell Aty i)l e datan st (§)ly2dll (S gimmall B Ly 13] Jadl Jus o dndiyall pis adsS Oladi!
1AW Aolaadl pdsiud O 35S dde Jassally
Prdp  AyapH (TrdT

fpi7= R j TZ (1-26)
13U Aol e Juas (1-26) Dalaol Lol i ey

T;

lnE=—T T_f_ﬁ) (1-27)
dadall OWa! Ay 88 yme day doyly> Ay S ke Jilal) (yled] Jnisall i) (1-27) Dslaedl puieind
Jaes (23 ¢101.325 kPa 91 1 atm I Dglus Lasiall dad lgsd 0550 (&1 B3lyddl dmys (29 J5Ludl )
DvapH = 30.8 kJ mol™ (=l Sgimmall daudy 353 Kisl 80 °C (& cpiald dunpudall 0L doys Jiall

(1-27) Dslaadl@adas 293 K of 20 °C 8)ly> dzpo dis 5yl Jaiall d8,a0) dile

lnE = T_f_T_i) (1-27)

Dy _ 3.08x10*jmel> 1 1
"101.325 kPa 8, 314—]—Kimeli(293—ki_ 353K

L )

10 kPa ) S9lus 98 Sy il 5yl Jaisall dadd e Jguasdl o3 e

s e Jlad) ()l aisall ppudd) puseind (9 B -LuguesdS Aslae Gl6 odel (3 555 LSy ade

gllaall 5yl
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Homework: Water has AvapH = 41 kJ mol™? vapour pressure at 373 K is 101.325 kPa.

What is the vapour pressure at 298 K?
Solution: AvapH = 41 kJ mol?, Ti = 373.15 K, Ts = 298 K, pi = 101.325 kPa and ps =?

290 WSy JsYI dapll (309 Aoz (2 Aslaall T (248 OF 3y 09 Y -0 99D Aslae iy sl
1(1-13) K19 (1-28) Dslaoll

ApapH
Inp =— ";”T +C (0-28)
A
Ava
Slope =— T”H
Inp
>

1
T

Figure 1-13: Clausius-Clapeyron equation which represents the relation between the pressure and temperature.

The End Of 3rd Lecture (Chapter One

1-7 Trouton’s Rule

This rule was explained in the 1°* SAM Chpt_4
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